Use of pesticides is the main approach adopted by many farmers to manage agricultural insect pests which not only reduced infestation level of these insect pests, but also responsible for the resistance and resurgence development, causes mortality of beneficial arthropods, and environmental and health hazards. Many researchers are busy to find out alternatives to pesticides due to adverse influences. Pest damage may also be reduced through the proper management of nutrient requirements and modification with mineral nutrients such as silicon. Silicon has been authoritatively designated as a "beneficial substance" by the Association of American Plant Food Control Officials and plant-available Si may now be listed on fertilizer labels. It plays an important role in the resistance of agricultural crops against several insect pests. Numerous direct and indirect effects had been observed on insect herbivores due to this micro-nutrient. Direct effects include decline in the performance, which ultimately minimized plant damage while indirect effects include interruption in establishment, increasing population of natural enemies and reduction in the usage of pesticides. The purpose of this review article is to recapitulate the work of different researchers throughout the world on the management of insect pests by using an alternate strategy which has no side effects on human as well as environment and are easily available to the farmers in cheap price.
Rice is considered as a high Si accumulating plant. Average range of Si uptake by rice crop is 230-470 kg ha -1 . It is a constructive element for the growth of plants and is agronomically crucial for the improvement and sustainability in rice production. It is also responsible for increasing availability of secondary nutrients (nitrogen, phosphorus, potassium, calcium, magnesium, sulfur and zinc), decreasing toxicity of nutrients (iron, manganese, phosphorus and aluminum) and reducing both biotic and abiotic stresses in plants. It is also responsible for the mechanical strength of the culm which results in the reduction of crop lodging (Savant et al., 1996) .
Mechanism of uptake and transportation of silicon in plants:
Si is freely absorbed via plant roots as non-chargeable orthosilicic acid [Si(OH)4]. Vigorous absorption of Si has been observed in numerous plant species, particularly monocotyledons (Liang et al., 2005) . Meanwhile, rice plant is considered a renowned Si accumulator, mechanism of Si uptake has been studied in this plant species. Two different Si transporters having diverse mode of action are responsible for the transport of silicic acid in rice roots which pass the casparian strips in exodermis and endodermis cells ( Figure. 1 ). Lsi1 (an influx transporter) is situated on the plasma membrane at the distal side of both exodermis and endodermis cells. Lsi2 transporters are located at the proximal side of exodermis and endodermis cells, which are responsible for the exit transportation of silicic acid from these cells (Feng et al., 2011) . Silicic acid uptake through Lsi1 is in a passive manner, whereas transport through Lsi2 transporters is passively driven by an ATP-consuming H+ pump. Once taken up by Lsi1 Atta, B., Rizwan, M., Sabir, A.M, Gogi, M.D, & Ayub, M. (2019) . Silicon mediated induced resistance in plants for the management of agricultural insect pests: A review. World Journal of Biology and Biotechnology, 4(1), [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] in the exodermis and released by Lsi2, silicic acid diffuses through the apoplast of the aerenchyma. In endodermis cells, Lsi1 transporters take up the silicic acid from the aerenchyma and Lsi2 transporters load it into the stele. An unidentified transporter is responsible for the loading of silicic acid to xylem. Silicic acid took up by the leaf cells from the xylem through Lsi1-like transporter which is Lsi6. An ordinary polymerization progression take place inside the leaf cells, which alter water soluble silicic acid to insoluble silica (SiO2·nH2O) whichever inside the cell, as phytoliths and colloidal cytoplasmic silica, or outside the cell as a silica layer or silica bodies positioned just underneath the cuticle (Feng et al., 2011) . Figure 1 : Uptake and transportation of silicon in rice plants.
Influence of silicon on plants:
Tolerance of plants may be increased by the indirect effect of Si to abiotic stresses, particularly water stress, through which insect population and plant damage may be reduced (Kvedaras et al., 2007a) . Two different mechanisms are responsible for increasing the resistance due to Si to insect herbivore feeding. The major mechanism which is considered as Si mediated defenses of plant from a long time is the increase in physical resistance which is based on solid amorphous silica, while recently there is a new confirmation for induced physical defense. Reduction in digestibility and/or increase in hardness and roughness of plant tissue have been observed because of deposition of silica as opaline phytoliths in numerous tissues includes epidermal silica cells (Massey and Hartley, 2009 ). Additional, much evidence have been obtained about the involvement of soluble Si in induced chemical defenses to attack of insect herbivore by higher production of defensive enzymes such as polyphenoloxidase, peroxidase and phenylalanine ammonia-lyase (PAL) activities in wheat (Gomes et al., 2005) or maybe the enhanced release of plant volatiles. Oxidation of phenolic compounds to quinones is catalyzed by polyphenoloxidase. As a result of this catalysis, nutritional quality of the food becomes reduced and digestibility of protein becomes decrease (Felton et al., 1994) . Lignification and suberin synthesis are responsible for the tissue hardness and in the production of quinones and active oxygen (both possess antibiotic properties). So, there is the involvement of peroxidase in lignification and suberin synthesis process (Stout et al., 1994) . The production of phenolic compounds have been increased by the activity of phenylalanine ammonia-lyase (PAL), having antinutritional, toxic and deterrent properties (Appel, 1993) . Silicon accumulation and deposition: Plants absorbed Si as silicic acid (SiO2.nH2O). Xylem is responsible for the transportation of silicic acid to all plant parts after absorbance. It is deposited as opal-shaped or amorphous SiO2.nH2O (Jones and Handreck, 1967) . Si becomes immovable after deposition (Aston and Jones, 1976) . A mechanical barrier which is known as "double layer silicon-cuticle" is formed directly below the cuticle as a result of accumulation and polymerization of Si in the epidermal cells as amorphous silica. The functions of this double layer silicon-cuticle are to maintain the leaves erect, reduce the transpiration and protect the plants against the attack of insects and fungus (Yoshida, 1975) . However, involvement of Si is not only limited to the mechanical restraints against infection caused by fungi and damage caused by insects but also limited to biochemical changes related to plant defense in general (Peixoto et al., 2011) . The response mechanism produced in plants against the attack of sucking insect have some resemblance to those following attack by the pathogens (Dreyer and Campbell, 1987) . Si induced defense mechanisms also includes alterations in the trichome morphology, lignin accumulation, peroxidases, chitinases and phenolics production (Chérif et al., 1994) . Several of these factors are also associated to resistance in plants against sucking insects modifying also their probing behavior (Ramírez and Niemeyer, 1999) . Influence of silicon on insect pests: Graminaceous plants include wheat, barley and ryegrass take up much more Si as compared to other plant species (Liang et al., 2005) . Si is responsible for the management of different insect herbivores includes folivores (insects that feed on leaves) (Redmond and Potter, 2006) , borers (Kvedaras et al., 2007a) , phloem feeders (Correa et al., 2005; Goussain et al., 2005) and xylem feeders. Si is responsible for various direct and indirect effects, observed on insect herbivores (Kvedaras and Keeping, 2007) . Direct effects include performance of insect herbivores reduced due to the Si and plant damage caused by insect herbivores also reduced. Indirect effects include establishment of insect herbivores become delayed, responsible for increasing the population of natural enemies, adverse weather events and reduction in other insect control strategies which are responsible for mortality of natural enemies such as chemical usage.
Sucking insects are mostly phloem feeders and finding the sieve elements implies to avoid chemical and physical barriers.
Physical barrier includes inflexibility and pectin of middle lamella causes difficulty in stylet penetration (Dreyer and Campbell, 1987) . Mechanical barrier include deposition of Si on cell wall causes difficulty in stylet penetration. Advantages of silicon usage: Ukwungwu (1990) Camargo et al., 2008 )  = Positive impact of silicon on target insect pest; × = No impact of silicon on target insect pest Table 9 : Silicon based induced resistance in minor crops crop for the management of insect pests. CONCLUSION Different entomologist are busy to find out those pest management strategies which have no side effects on human as well as environment and are easily available to the farmers in cheap price. So, researchers find out the strategy of pest management by the Si usage which has same properties which are mentioned above. According to the previous research on the Si and insect pests showed that it can participate considerably in the reduction of insect pests as well as diseases caused by these pests (Meyer and Keeping, 2005) . Researches also indicated that Si can be used in pest management with the combination of other pest management strategies such as cultural, biological and cultural practices (Ukwungwu, 1990) . 
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